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ABSTRACT

Background/Aims: Hepatocellular carcinoma (HCC) ranks as a major contributor to cancer-related deaths. Systemic inflammation
plays a pivotal role in HCC development and progression. Thus, we aimed to determine the impact of inflammation- and immune-based

scores in predicting the prognosis of HCC.

Materials and Methods: In this retrospective study, patients with HCC were enrolled between 2010 and 2020. The purpose of this ret-
rospective study was to evaluate the impact of various biomarkers, including baseline alpha-fetoprotein (AFP) levels, C-reactive protein
(CRP)-albumin-lymphocyte (CALLY) index, neutrophil-to-CRP (N/CRP) ratio, systemic immune-inflammation index (Sll), albumin-bili-
rubin (ALBI) score, neutrophil-to-lymphocyte ratio (NLR), and aspartate aminotransferase (AST)-to-alanine aminotransferase (ALT)
(AST/ALT) ratio (AAR), on survival, invasion of vascular tracts, metastasis, and treatment responses.

Results: A total of 199 patients with complete (n = 44) and non-complete (n = 145) treatment response groups were enrolled in the
study. All scores for the non-complete response group were statistically significant (P <.05). The areas under the curves for predicting a
non-complete response group were 0.651, 0.649, 0.636, 0.625, 0.613, 0.609, and 0.600 for AFP, CALLY index, AAR, SlI, N/CRP ratio, ALBI
score, and NLR, respectively. These results are consistent with the assessment of mortality and HCC progression.

Conclusion: Our results indicate that these biomarkers could serve as powerful prognostic tools for HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most preva-
lent form of primary liver cancer and ranks among the
leading causes of cancer-related mortality worldwide.
Surgery, transplantation, locoregional treatment, and
systemic treatment are the basis for HCC treatment.?
Despite the early initiation of treatment, recurrence and
distant metastasis rates for HCC are reasonably high.®
Identifying patients with an increased risk of metasta-
sis and recurrence is crucial for optimizing treatment.
As such, it is essential to identify novel biomarkers that
can aid in predicting outcomes and guiding treatment
decisions.

Circulating tumor cells (CTCs) and their hematogenous
spread play crucial roles in HCC metastasis. Neutrophils
are the main factors involved in inflammation and

adhesion to the bloodstream. According to several stud-
ies, neutrophilia is associated with poor prognosis by
promoting immune-mediated tumor progression. In the
bloodstream, neutrophils are the main factor for inflam-
mation and adhesion.* Platelets are another major factor
in angiogenesis, cell proliferation, and tumor metasta-
sis. However, lymphocytes are involved in the adaptive
immune system and exert antitumor effects. The pres-
ence of tumor-infiltrating lymphocytes is associated
with better survival in HCC.® Taking into account these
aspects, various prognostic scores have been created
to predict survival and recurrence, including the neutr
ophil-to-lymphocyte ratio (NLR) and systemic immune-
inflammation index (Sll), both of which are based on
inflammation and immune system factors.
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Although serum albumin is a good marker of liver synthesis
functions, some experimental studies have reported that it
exerts protective effects by regulating tumor growth fac-
tors in HCC.® The association of elevated C-reactive protein
(CRP) levels before treatment with tumor progression and
decreased liver function in HCC has been reported in the
literature.” Due to compromised immune systems, inade-
quate nutrition, and increased inflammation, the CRP-albu-
min-lymphocyte index (CALLY index) has been identified
as a useful predictor for cancer, including those with HCC.

Liver function status is an additional parameter that
can affect treatment decisions. In addition to the Child-
Turcotte—-Pugh (CTP) and MELD-Na scores, the albumin-
bilirubin (ALBI) score predicts the reserve of liver function
in HCC. Hepatocellular carcinoma development due to
the progression of hepatic fibrosis is a well-known entity.®
The aspartate aminotransferase (AST)-to-alanine amino-
transferase (ALT) ratio (AAR) has been validated as an
index of hepatic fibrosis. Aspartate aminotransferase-to-
alanine aminotransferase ratio is an independent indica-
tor of aggressive progression in HCC.® Alpha-fetoprotein
(AFP) significantly reflects tumor biology, invasion, stage,
and aggressiveness and is a significant predictor of post-
transplant survival. According to previous research, high
AFP values are associated with microvascular invasion
and increased mortality."® Numerous investigations have
revealed a connection between these markers and the
prognosis of individuals with HCC. Despite the limited
availability of data, it is evident that these markers have
not been adequately evaluated for efficacy in patients
with HCC. Therefore, the objective of this study was to
assess the impact of these scores on predicting the sur-
vival, recurrence, and mortality of HCC.

MATERIALS AND METHODS

We enrolled 199 patients with HCC at istanbul University
istanbul Faculty of Medicine between 2010 and 2020.

Main Points

Systemic inflammation serves a crucial function in the
development and progression of hepatocellular carcinoma.
The assessment of prognostic scores based on inflamma-
tion and immunity is crucial for HCC follow-up.

Liver function status is an additional parameter that can
affect treatment decisions. Hepatocellular carcinoma
development due to the progression of hepatic fibrosis in
chronic liver disease is well known.

In addition to alpha-fetoprotein, the CALLY index, SlI, AAR,
and ALBI scores are effective prognostic tools for HCC.

Hepatocellular carcinoma diagnosis was based on the
criteria of the European Association for the Study of the
Liver (EASL). This single-center retrospective study was
approved by the istanbul University istanbul Faculty of
Medicine Clinical Research Ethics Committee (approval
number: 181150, date: 26.04.2021). Informed consent
was obtained from all patients or their family members
prior to their participation in the study. Patient infor-
mation and records were de-identified and anonymized
before being analyzed.

Background factors, including age, sex, presence or
absence of comorbid diseases, history of cirrhosis or por-
tal hypertension, and the etiology of chronic liver disease,
were investigated. Tumor-related factors (maximum
tumor size, total tumor diameter, number of tumor nod-
ules, presence of vascular invasion, metastasis, and AFP
level) were also evaluated. Considering the tumor bur-
den and liver function status, the Barcelona Clinic Liver
Cancer (BCLC) stage (0, A, B, C, D) was evaluated. The
patients were stratified for liver transplantation accord-
ing to the Milan and UCSF criteria. They were divided into
subgroups (surgical resection, transplantation, transcath-
eter arterial chemoembolization (TACE), radiofrequency
ablation (RFA), radioembolization, sorafenib, tyrosine
kinase inhibitors, immunotherapy, and no treatment).
The MELD-Na score and CTP classification were calcu-
lated based on blood counts and clinical parameters that
were examined. The CALLY index was defined as (albu-
min x lymphocyte)/(CRP x 10%). We also calculated other
scoring systems, including NLR, neutrophil-to-CRP (N/
CRP) ratio, AAR, and SII. The ALBI score was calculated
using the following formula: ALBI score = (log10 bilirubin
x 0.66) + (albumin x —0.085), where the units of bilirubin
and albumin were pmol/L and g/L, respectively. Patients
were then classified into 3 grades based on the ALBI
score: grade |, score < —2.60; grade |l, score =2.60 to <
-1.39; and grade I, score > -1.39.

The primary endpoint of the study was defined as the
absence of HCC after treatment in the last outpatient
or inpatient control. According to the primary endpoint,
patients were categorized as having a complete treat-
ment response or a non-complete treatment response
(partial response, stable disease, and progressive disease).
The secondary endpoint was the mortality rate. We evalu-
ated the impact of baseline AFP, SlI, CALLY index, N/CRP
ratio, NLR, ALBI score, and AAR on vascular thrombosis,
extrahepatic spread, and primary and secondary end-
points. The analyses of univariate and multivariate logistic
regression were conducted to identify the independent
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factors associated with mortality. Furthermore, the area
under the curve (AUC) of the receiver operating charac-
teristic (ROC) curves was calculated to evaluate the pre-
dictive performance.

Statistical Analysis

The statistical analysis was carried out using the SPSS 26
software package (IBM SPSS Corp.; Armonk, NY, USA).
The normality of the quantitative data was evaluated
using the Shapiro-Wilk test. The Mann-Whitney U-test
was used to compare the quantitative variables between
2 groups that did not follow a normal distribution. The
Kruskal-Wallis test and Dunn—Bonferroni test were used
for the comparison of more than 2 quantitative variables
that did not follow a normal distribution. The Pearson
chi-square test, Fisher's exact test, and Fisher-Freeman-
Halton test were used to compare qualitative data.
Spearman’s correlation analysis was used to evaluate the
relationship between quantitative variables. The cutoff
values for continuous variables were determined using
ROC curve analysis. The factors that were significant in
the univariate analysis (P < .05) were included in the mul-
tivariate analysis using a Cox forward stepwise variable
selection process for the estimated mortality.

RESULTS

In the initial cohort, there were 199 individuals, comprising
76.9% men and 23.1% women. The mean age at the time
of enrollment was 63 years. The etiologies for HCC were
hepatitis-B virus (56.2%) and hepatitis-C virus (24.6%),
followed by metabolic dysfunction-associated steato-
hepatitis (MASH) (9%). About 8.5% of the patients had
an unclassified etiology. Liver cirrhosis and portal hyper-
tension were observed in 177 (88.8%) and 127 (63.8%)
patients, respectively. The majority of the cohort had
CTP A (69.3) with a mean MELD-Na score of 10.2. The
patient's characteristics according to BCLC Stage and
treatment characteristics are shown in Table 1. High pre-
treatment AFP levels (>400 ng/mL) were observed in 32
(17.2%) patients. The median tumor size was 3 cm, and
32 patients had = 3 tumors. There were 45 (22.6%) and
154 (77.4%) patients in the complete- and non-com-
plete-response groups, respectively. The mean follow-up
period was 56.9 + 4.5 months.

Association of the Biomarkers with Prognosis and
Clinicopathologic Parameters

The prognostic significance of the biomarkers with pre-
treatment total tumor size, BCLC stage, and suitability
for liver transplantation according to the UCSF and Milan

Table 1. Demographic and Baseline Characteristics of Patients

Age (years)

Gender (%)

Etiology (%)

Child-Pugh (%)

MELD-Na

BCLC stage (%)

Liver fibrosis (%)

Portal hypertension

(%)

HCC diagnosis (%)

Median total tumor size

(cm)

Tumor number, n (%)

Treatment methods,

n (%)

AFP—baseline (ng/dL)

Mean + SD
Median (min-max)
Male
Female
Idiopathic
HBV
HCV
Alcohol

MASH
Autoimmune hepatitis
Primary biliary
cholangitis
Budd-Chiari

A
B
Cc

Mean = SD
Median

A
B
C
D

Normal

Cirrhosis

Biopsy
MRI

Min-max

Unifocal
Multifocal

Surgical resection
Transplantation
TACE
Radioembolization
RFA
Sorafenib
Regorafenib

Mean = SD

<20
20-400
401-10 000
>10 000

62.77 +11.05

63 (50-90)
153 (76.9)
46 (23.1)

11(5.5)
112 (56.2)
49 (24.6)

3(1.5)

18 (9.0)
2(1.0)
2(1.0)
2(1.0)

138 (69.3)
44 (22.1)
17 (8.5)

10.27 + 417
9 (6-27)

20 (3.7)
57 (10.4)
68 (12.5)
48 (8.8)
6 (1.1)

22 (11.1)
177 (88.8)
127 (63.8)

15 (7.5)
184 (92.5)

3(0.9-44)

120 (60.9)
79 (39.1)

4(2)
19 (9)
38 (19)
7(3)
16 (8)
82 (41)
6(3)
5076.27 +
25725.97
86 (43.4)
64 (32.3)
34 (17.2)

14 (7.1)

AFP, alpha-fetoprotein; HBV, hepatitis-B virus; HCC, hepatocellular carci-
noma; HCV, hepatitis-C virus; MASH, metabolic dysfunction-associated ste-
atohepatitis; MELD-Na, model for end-stage liver disease-sodium; RFA,
radiofrequency ablation; TACE, transcatheter arterial chemoembolization.
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criteria was analyzed. Higher levels of AFP, NLR, AAR, ALBI
score, Sll, and decreased CALLY index and N/CRP ratio
were associated with increased pretreatment total tumor
size, advanced BCLC stage, and out-of-UCSF criteria (P <
.05). A similar relationship was found for the Milan crite-
ria, except for ALBI score. Increased levels of baseline AFP
(P=.002), NLR (P=.043), AAR (P=.006), ALBI score (P=
.027), Sll (P=.012), and lower CALLY index (P=.005) and
N/CRP ratio (P= .034) were prognostic impacts for non-
complete treatment response for HCC. Odds ratios (OR)
for the variables in the same order were OR: 5.018, 95%
Cl: 2.108-11.947; OR: 6.753, 95% Cl: 2.266-20.124; OR:
2.948, 95% CI: 1.461-5.948; OR: 2.405, 95% ClI: 1.204-
4.806; OR: 2.979, 95% CI: 1.270-6.990; OR: 2.675, 95%
Cl:1.342-5.331; OR: 2.494 95% CI: 1.193-5.211.

The discriminatory ability of the prognostic scores and
clinicalindices was compared using the AUC for non-com-
plete treatment responses (Figure 1). The AUC for AFP
was 0.651 (95% Cl: 2.108-11.947), which was the most
potent biomarker among the indices for predicting a lack
of response to treatment. The CALLY index was the sec-
ond most important biomarker, almost equally efficient
with AFP (AUC: 0.649, 95% ClI: 0.561-0.737). Aspartate
aminotransferase-to-alanine aminotransferase ratio was
the other significant score after AFP; however, NLR had
the lowest impact on prognostic value (Table 2).

Consistent with previous analyses, higher levels of pre-
treatment AFP, NLR, AAR, ALBI score, SlI, and decreased

ROC Curve ROC Curve

Sensitvity
Sensiivity

AUC: 0.651 AUC: 0.649

1-Specificity 1-Specificity

CALLY index and N/CRP ratio were associated with the
presence of vascular invasion and last tumor size (Table 3).
A similar correlation was observed for extrahepatic spread.
Nevertheless, there was no significant association between
metastasis, ALBI score, and NLR (P:.226, P= .183).

A subgroup analysis of 97 patients who were transplant
candidates within the MILAN criteria was conducted to
evaluate clinicopathological parameters. An elevated AFP
level was found to be associated with vascular invasion
(P=.038), while an increase in the ALBI score was asso-
ciated with extrahepatic spread (P=.012). No other bio-
markers demonstrated prognostic significance.

Viral hepatitis and MASH, as 2 primary etiological fac-
tors for HCC, were included in the subgroup analysis.
Elevated levels of baseline AFP, NLR, AAR, ALBI score, SlI,
and decreased CALLY index and N/CRP ratio were asso-
ciated with vascular invasion and final tumor size in viral
hepatitis (Table 4). However, no significant association
was observed with metastasis. In MASH, only a significant
relationship was found between increased AAR and ALBI
scores and vascular invasion (P= .03, P=.025).

Survival Analysis

After a mean follow-up of 56.9 + 4.5 months, 121 patients
(61.8%) died, and the mean survival rate was detected
as 61.94 £ 514 months. In the multivariate analysis, the
ALBI score (HR; 2.361 [1.74-3.21], P= .001), NLR (HR; 1.11

ROC Curve ROC Curve

Sensitivity
itivity

AUC: 0.636 a o AUC: 0.625

1-Specificity 1-Specificty

AFP (Alpha-fetoprotein) CALLY index (CRP-albumin-lymphocyte index)

AAR (AST-ALT ratio) SlI ( Systemic immiine inflammation index)

ROC Curve ROC Curve

nsitivity

ensitiviy

AUC: 0.613 AUC: 0.609

1. Specificity 1.-Specificity

ROC Curve

Sensitivity

AUC: 0.600

1.-Specificity

N/CRP (Neutrophil-CRP ratio) ALBI Score

NLR (Neutrophil-Lymphocyte ratio)

Figure 1. Receiver operating characteristic analyses with non-complete treatment response for prognostic markers.
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Table 2. Discrimination Ability of Prognostic Scores for Non-Complete Treatment Response

Diagnostic Scan ROC Curve
Negative
Positive Predictive
Cut off Sensitivity Specificity Predictive Value Value Area 95% ClI P

AFP 263 48.7 84.09 915 31.9 0.651 0.560-0.742 .002
NLR 22.98 48.32 72.73 85.7 29.4 0.600 0.504-0.697 .043
N/CRP <357.14 44.27 78.95 87.9 291 0.613 0.522-0.705 .034
AST/ALT 21.37 59.74 70.45 87.6 33.3 0.636 0.540-0.732 .006
ALBI score >-2.60 60.78 61.36 845 31 0.609 0.510-0.708 .027
CALLY index <0.41 44.27 89.47 93.5 31.8 0.649 0.561-0.737 .005
Sl >2210.91 72.48 50 83.1 34.9 0.625 0.531-0.718 .012

AAR, AST/ALT ratio; AFP, alpha-fetoprotein; BCLC, Barcelona clinic liver cancer; CALLY index, CRP-albumin-lymphocyte index; N/CRP, neutrophil-to-CRP

ratio; NLR, neutrophil-to-lymphocyte ratio; SllI, systemic immune-inflammation index.

[1.087-1.188], P= .003), AFP level (HR; 1 [1-1], P: .045),
BCLC stage C (HR; 4.993 [1.918-12.997], P= .001), and
BCLC stage D (HR; 25.435 [4.719-137.09], P= .001) were
found to be significant (Table 5). Patient age, chronic liver
disease duration, and the presence of other comorbid dis-
eases were not associated with survival. Child-Turcotte—
Pugh grade was not an independent risk factor for mortality
after adjusting for other factors in the multivariate analysis.

DISCUSSION

To the best of our knowledge, this is the first study to
investigate and compare the predictive ability of multiple
scores for HCC treatment response. Numerous studies
have revealed the prognostic significance of the CALLY

index and the percentage of neutrophils in HCC.#"12
Neutrophils might play a regulatory role in the tumor
microenvironment due to their role in the myeloid sup-
pressor cell spectrum. Various prognostic models based
on serum CRP and albumin levels have been developed to
demonstrate the role of systemic inflammation in malig-
nancies.'®'* The significance of assessing CRP levels lies
in their capacity to serve as an unbiased indicator of sys-
temic inflammation. The association between elevated
CRP levels before treatment and tumor progression and
decreased liver function in HCC has been reported in the
literature. The higher CRP/albumin ratio was associated
with tumor progression, high CLIP and BCLC scores, and
decreased liver function reserve.'

Table 3. Prognostic Factors of Treatment Response and Clinicopathological Parameters

Vascular
Treatment Response Invasion Metastasis Last Tumor Size
Complete Response  Non-Complete Response
(n) (n) P P P r P
AFP 44 154 .002° .001° .004° 0.27 .001¢
NLR 44 149 .043¢ .001° .183¢ 0.258 .001¢
N/ CRP 38 131 .034¢ .001° .001° -0.361 .001¢
AST/ALT 44 154 .006° .001° .001° 0.284 .001¢
ALBI score 44 153 .027¢ .001° .226° 0.185 .016¢
CALLY index 38 131 .005° .001° .002° -0.413 .001¢
Sli 44 149 .012¢ .005° .051° 0.265 .001¢

Bold values indicate statistical significance at the P<0.05 level ; r = Spearman'’s correlation coefficient.
AAR, AST/ALT ratio; AFP, alpha-fetoprotein; CALLY index, CRP-albumin-lymphocyte index; NLR, neutrophil-to-lymphocyte ratio; N/CRP, neutrophil-to-CRP

ratio; SllI, systemic immune-inflammation index.
°‘Mann-Whitney U-test.
dSpearman Correlation test.
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Table 4. Prognostic Factors of Clinicopathological Parameters in Patients with Viral Hepatitis and Metabolic Dysfunction-Associated

Steatohepatitis

Viral Hepatitis MASH

Vascular Vascular

Invasion Metastasis Last Tumor Size Invasion Metastasis Last Tumor Size

P P r P P P r P

AFP .000° 144¢ 0.245 .005 .468° .295¢ 0.338 .238
NLR .000° .232¢ 0.298 .001 .563° .297¢ 0.237 414
N/ CRP .000° .282¢ -0.295 .001 194¢ .487¢ -0.35 .22
AST/ALT .029¢ .228¢° 0.259 .003 .030° .908¢° 0.186 525
ALBI score .000° .701° 0.218 .013 .025¢ .862° 0.045 .879
CALLY index .000° .055¢ -0.413 .000 .061° .908¢° -0.232 424
Sli .001°¢ .026° 0.292 .001 A470° .355¢ 0.336 241

r = Spearman’s correlation coefficient.

AAR, AST/ALT ratio; AFP, alpha-fetoprotein; CALLY Index, CRP-albumin-lymphocyte index; MASH, metabolic dysfunction-associated steatohepatitis; N/CRP,
neutrophil-to-CRP ratio; NLR, neutrophil-to-lymphocyte ratio; Sll, systemic immune-inflammation index. .

°‘Mann-Whitney U-test.

In our study, lower pre-treatment N/CRP ratio and
CALLY index were found to be the determining factors
in the non-complete treatment response group, with
an increase in final tumor diameter, vascular invasion,
metastasis, and mortality. Receiver operating character-
istic analyses were performed among the N/CRP ratio and
the CALLY index, and the efficiency of the CALLY index
was higher (AUC 0.649; 95% CI 0.613). This superiority
can be explained by the fact that the CALLY index pro-
vides more information about the immunonutritive status
of HCC by including parameters that determine inflam-
mation, host immune response, and nutritional status.
Previous studies have identified the CALLY index as a
significant biomarker for certain treatment groups, such
as hepatectomy or TACE.'® To the best of our knowledge,
this is the first study to reveal the efficiency of the CALLY
index in a Turkish population of patients with HCC.

The liver function reserve plays a crucial role in the resec-
tion or treatment decisions of HCC. Albumin level is a
good indicator of liver synthesis. In addition, some experi-
mental studies have shown that albumin exerts protec-
tive effects by regulating tumor growth factors in HCC.
Because albumin synthesized in differentiated hepato-
cytes, normal serum albumin levels indicate well-differ-
entiated and slow-growing HCC biology." Furthermore,
the albimin level is a prognostic factor for nutritional sta-
tus. The ALBI score and grade have been developed using
serum albumin and bilirubin levels.'® Unlike the CTP score,
the ALBI score is not based on subjective evaluations.
Dividing the patientsin CTP A as ALBI grades | and Il could

show an advantage for patients with early-stage HCC.
Survival analyses of patients with primary curative resec-
tion showed that patients with ALBI grade | had better
survival.’® In our study, a higher baseline ALBI score was
associated with increased tumor size, advanced BCLC
stage, and out-of-UCSF HCC criteria.

Itis worth noting that HCC frequently develops in cirrhotic
liver parenchyma. The AAR is a validated indicator of the
histological degree of liver fibrosis and cirrhosis. Wang
et al® reported that an increase in AAR was associated
with portal vein invasion and early recurrence in patients
who underwent curative HCC resection. The increased
AAR was also found to be more effective in predicting
HCC than liver cirrhosis. Liu et al?° demonstrated an asso-
ciation between higher baseline AAR and worse survival
and treatment failure in patients experiencing transarte-
rial chemoembolization. In our study, a higher AAR at the
time of diagnosis was associated with increased tumor
size, advanced BCLC stage, out-of-UCSF, and Milan cri-
teria. The results showed that baseline AAR was associ-
ated with worse outcomes, such as increased tumor size,
increased vascular invasion, and metastasis development
in the last control.

Serum inflammatory markers are crucial for evaluat-
ing survival and treatment success in solid tumors and
lymphomas. It is stated in the literature that circulating
neutrophil levels may be associated with a worse prog-
nosis by causing immune-related tumor progression and
cancer cachexia syndrome compared to platelets and
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Table 5. Prognostic Factors for Mortality in the Patient Cohort

Univariate Analysis

Multivariate Analysis

HR (95% ClI) P HR (95% Cl) P
AFP 1(1-1) 169 1(1-1) .045
NLR 1.194 (1.13-1.27) .001 1.110 (1.037-1.188) .003
N/CRP 1000 (0.999-1) .002
AAR 1.742 (1.313-2.310) .001
ALBI score 2.012 (1.57-2.58) .001** 2.361 (1.74-3.21) .001**
ALBI grade
| Reference .001
1l 2.814 (1.89-4.20) .001 2.968 (1.844-4.775) .001
1] 3.46 (1.84-6.48) .001 5.839 (2.476-13.770) .001
CALLY index 0.769 (0.67-0.88) .001
Sli 1.001 (1.00-1.001) .001
Age 1.003 (0.986-1.020) .735
Chronic liver disease duration 1.001 (0.999-1.003) 272
(months)
Total tumor size 1.040 (1.021-1.061) .001 1.029 (0.999-1.060) .055
Comorbid disease 0.705 (0.493-1.007) .055
Child—Pugh classification
A Reference
B 1.867 (1.232-2.829) .003
C 3.810 (2.099-6.916) .001
BCLC stage
Stage 0 Reference Reference
Stage A 1.382 (0.601-3.176) 446 1.374 (0.536-3.517) .508
Stage B 2.148 (0.965-4.780) .061 2.328 (0.919-5.895) .075
Stage C 5.908 (2.609-13.377) .001 4.993 (1.918-12.997) .001
Stage D 29.543 (9.486-92.01) .001 25.435 (4.719-137.094) .001

AAR, AST/ALT ratio; AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CALLY index, CRP-albumin-lymphocyte index; N/CRP, neutrophil-to-CRP
ratio; NLR, neutrophil-to-lymphocyte ratio; Sll, systemic immune-inflammation index.

lymphocytes.? However, cytotoxic CD8 lymphocytes play
a crucial role in antitumor activity. The presence of tumor-
infiltrating lymphocytes in HCC resection materials is
associated with better survival outcomes.>*? For these
reasons, a high NLR represents increased protumoral
activity and decreased antitumor immune function.?®

Recent studies have shown that increased Sl levels are
associated with liver cirrhosis, vascular invasion in HCC,
a high BCLC stage, and early recurrence.?* Hong et al®®
determined that increased Sll levels were associated with
a worse prognosis in HCC patients receiving sorafenib
and regorafenib treatment. In our study, increased Sl

and NLR levels were correlated with the last tumor size,
advanced BCLC stage, out-of-UCSF, and Milan criteria,
and increased mortality. Similarly, an increase in Sll levels
was detected in the non-complete treatment response
group, and baseline Sl values were associated with
increased tumor size, increased vascular invasion, and
metastasis development. Although NLR showed similar
results in the non-complete treatment response group,
it was not associated with extrahepatic spread. Based
on these results, Sl better reflects the balance between
the patient's inflammation and immune response. In our
study, NLR had the weakest prognostic impact among all
the parameters (AUC: 0.600; P=.043).
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As serum AFP has proven to be a dependable biomarker
for the diagnosis of HCC, pre-diagnostic screening pro-
grams, and the assessment of survival, we assessed AFP
using other inflammation-based and immunonutritional
scoring systems. Increased AFP levels at the time of
diagnosis had significant importance for non-complete
treatment response, last tumor diameter, vascular inva-
sion, increased metastasis, and mortality. Receiver oper-
ating characteristic analyses revealed that AFP 263 ng/
mL values were associated with worse survival outcomes
in our study. In EASL guidelines, AFP significantly reflects
tumor biology, invasion, stage, and aggression and is a
revealing marker in predicting post-transplant survival.?®
Furthermore, high AFP (2200 ng/mL) is associated with
increased microvascular invasion and high mortality in
patients with HCC receiving sorafenib treatment. The
results obtained in our study are also consistent with the
existing literature data.?’2®

The objective of this study was to evaluate the predic-
tive value of biomarkers for chronic inflammation, fibro-
sis, and immunonutrition in patients with HCC. Receiver
operating characteristic analyses demonstrated that AFP,
CALLY Index, and AAR were the most effective scoring
systems in predicting non-complete treatment response
and patient prognosis. While AFP is a direct marker of
tumor biology and remains superior to other inflamma-
tion-based biomarkers, it is known that elevated AFP
levels may not be present during HCC diagnosis. In our
study, nearly half of the patients had low AFP levels (<20
ng/dL), which is consistent with previous studies in the
literature.?® Due to this limitation of AFP during diagnosis
and follow-up, other scoring systems have become note-
worthy. The CALLY index was the second-most signifi-
cant prognostic scoring system, combining inflammation,
immune response, and nutritional status markers as addi-
tional components of a comprehensive patient evaluation.
In the future, promising stratification and scoring systems
could be developed by combining the CALLY index with
other immunonutritive parameters such as sarcopenia.
Consequently, this index can enhance patient stratifica-
tion and enable individualized prognostic predictions.

In our research, we assessed the ALBI score in the CTP
A-dominant patient population, which aligns with the
existing literature. This might serve as a substitute for
evaluating liver function reserve. However, further scien-
tific data are necessary for HCC and advanced liver failure.
In conjunction with the biomarkers, our survival analyses
incorporated factors such as age, duration of chronic liver

disease, presence of comorbidities, total tumor diameter,
and BCLC stage. In the multivariate analysis, the ALBI
score, NLR, AFP level, BCLC stage C, and BCLC stage D
were found to be significant. No difference was observed
in the distribution of the ALBI grade. Those with BCLC
stages C and D were determined to be more influential
than those with stages O, A, and B. The prominent role
of models based on liver function and tumor stage in the
multivariate analysis suggests that mortality in HCC is
primarily due to complications arising from chronic liver
disease and tumor progression.

Viral hepatitis is the primary reason for hepatic car-
cinogenesis, although MASH is emerging as a signifi-
cant etiological factor in chronic liver disease. Glycemic
dysregulation and obesity are the principal metabolic
factors that contribute to an oxidative hepatic environ-
ment conducive to HCC pathogenesis. In viral hepatitis,
immune-mediated liver injury, extensive fibrosis, and
cirrhosis contribute to HCC development. Furthermore,
viral hepatitis promotes carcinogenesis through viral pro-
teins that stimulate oncogene expression, deactivate
tumor suppressor genes, and disrupt cell cycle regula-
tion. In a subgroup analysis of etiological factors of HCC,
our research demonstrated that all scores are associated
with vascular invasion and final tumor size; however, they
are not correlated with extrahepatic spread in patients
with viral hepatitis. However, only a weak association
was observed between elevated AAR and ALBI scores
and vascular invasion in patients with MASH. The median
follow-up duration was similar for both etiologies (120
months). Although MASH-related inflammation can lead
to fibrosis and subsequent HCC, the progression may be
slower or occur in conjunction with other metabolic con-
ditions. In addition to causing liver fibrosis and cirrhosis,
virus-related direct oncogenic activity through its struc-
tural proteins constitutes an additional risk factor for
HCC pathogenesis 203

This study had some limitations. The number of patients
was relatively small, and the majority of the cohort com-
prised CTP class A patients. The patient characteristics
varied in terms of BCLC stages and treatment modalities.
Although this patient cohort may not have focused on
specific treatment groups, it comprehensively revealed
the clinical characteristics and outcomes of HCC. Thus,
this study provides valuable real-life data that can guide
the clinical follow-up of HCC in the Turkish population.
The formulas used in the study were simple and allowed
for easy calculations. Additionally, our study indicated
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that the CALLY index, AAR, Sll, and ALBI score may serve
as potential tools for predicting HCC prognosis. However,
further prospective and multicenter studies with larger
sample sizes are required to validate these findings.

In conclusion, the CALLY index, AAR, SllI, and ALBI score
show promise as predictive biomarkers for evaluating
treatment response in HCC. To our knowledge, this is
the initial study to evaluate the comparison between AFP
and other immune- and inflammation-based prognostic
scores in patients with HCC. Considering their practicality
and simplicity, these biomarkers should be considered for
the management of HCC.

Avadilability of Data and Materials: The datasets during and/or ana-
lyzed during the current study are available from the corresponding
author upon reasonable request.

Ethics Committee Approval: The study was approved by istanbul
University istanbul Faculty of Medicine Clinical Research Ethical
Committee (approval no: 181150; date: 26 April 2021).

Informed Consent: \Written informed consent was obtained from
the patients who agreed to take part in the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Conceptualization — M.G.D.,, A.C.O,; Data
Curation — M.G.D,, B.C; Formal Analysis - M.G.D., A.P.; Investigation
- B.C, KRS, Methodology - M.G.D. AC.O, SK, Project
Administration — F.A., K.D.; Resources — AP, KR.S,; Supervision —
M.G.D. SK,; Validation — B.C., F.A,, K.D.; Writing — Original Draft —
M.G.D., A.C.O.; Writing — Review & Editing - S.F.B.,, SK.

Declaration of Interests: The authors have no conflicts of interest
to declare.

Funding: This study received no funding.

REFERENCES

1. McGlynn KA, Petrick JL, EI-Serag HB. Epidemiology of hepatocel-
lular carcinoma. Hepatology. 2021;73(suppl 1):4-13. [CrossRef]
2.Zong Z, Tang R, Li M, et al. Efficiency and stability of transarterial
chemoembolization combined with or without lenvatinib for unre-
sectable  hepatocellular  carcinoma. Turk J Gastroenterol.
2024;35(3):212-222. [CrossRef]

3. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA Cancer
J Clin. 2018;68(6):394-424. [CrossRef]

4. Margetts J, Ogle LF, Chan SL, et al. Neutrophils: driving progres-
sion and poor prognosis in hepatocellular carcinoma? Br J Cancer.
2018;118(2):248-257. [CrossRef]

5. Mizukoshi E, Nakamoto Y, Arai K, et al. Comparative analysis of
various tumor-associated antigen-specific T-cell responses in
patients with hepatocellular carcinoma. Hepatology. 2011;53(4):
1206-1216. [CrossRef]

6. Nojiri S, Joh T. Albumin suppresses human hepatocellular carci-
noma proliferation and the cell cycle. Int J Mol Sci. 2014;15(3):5163-
5174. [CrossRef]

7. Kinoshita A, Onoda H, Takano K, et al. Pretreatment serum C-reac-
tive protein level predicts poor prognosis in patients with hepatocel-
lular carcinoma. Med Oncol. 2012;29(4):2800-2808. [CrossRef]

8. Araz F, Soydas B, Ozer B, Karadeli E, Erbay G. Comparison of char-
acteristics and survival of new-onset hepatocellular carcinomas with
or without cirrhosis in a tertiary center. Turk J Gastroenterol.
2024,35(7):539-550. [CrossRef]

9. Wang Z-X, Jiang C-P, Cao Y, Zhang G, Chen W-B, Ding Y-T. Pre-
operative serum liver enzyme markers for predicting early recurrence
after curative resection of hepatocellular carcinoma. Hepatobiliary
Pancreat Dis Int. 2015;14(2):178-185. [CrossRef]

10. Tsuchiya N, Sawada Y, Endo |, Saito K, Uemura Y, Nakatsura T.
Biomarkers for the early diagnosis of hepatocellular carcinoma.
World J Gastroenterol. 2015;21(37):10573-10588. [CrossRef]

11. Mdiller L, Hahn F, Mdhringer-Kunz A, et al. Immunonutritive scor-
ing for patients with hepatocellular carcinoma undergoing tran-
sarterial chemoembolization: evaluation of the CALLY index. Cancers
(Basel). 2021;13(19). [CrossRef]

12. Schobert IT, Savic LJ, Chapiro J, et al. Neutrophil-to-lymphocyte
and platelet-to-lymphocyte ratios as predictors of tumor response
in hepatocellular carcinoma after DEB-TACE. Eur Radiol.
2020;30(10):5663-5673. [CrossRef]

13. McMillan DC. The systemic inflammation-based Glasgow Prog-
nostic Score: a decade of experience in patients with cancer. Cancer
Treat Rev. 2013;39(5):534-540. [CrossRef]

14. Li MX, Bi XY, Li ZY, et al. Prognostic role of Glasgow prognostic
score in patients with hepatocellular carcinoma: a systematic
review and meta-analysis. Med (Baltimore). 2015;94(49):e21383.
[CrossRef]

15. Kinoshita A, Onoda H, Imai N, et al. The C-reactive protein/albu-
min ratio, a novel inflammation-based prognostic score, predicts
outcomes in patients with hepatocellular carcinoma. Ann Surg
Oncol. 2015;22(3):803-810. [CrossRef]

16. lida H, Tani M, Komeda K, et al. Superiority of CRP-albumin-
lymphocyte index (CALLY index) as a non-invasive prognostic bio-
marker after hepatectomy for hepatocellular carcinoma. HPB
(Oxford). 2022,24(1):101-115. [CrossRef]

17. Carr Bl, Guerra V. Serum albumin levels in relation to tumor
parameters in hepatocellular carcinoma patients. Int J Biol Markers.
2017;32(4):e391-e396. [CrossRef]

18. Deng M, Ng SWY, Cheung ST, Chong CCN. Clinical application of
albumin-bilirubin  (ALBI) score: the current status. Surgeon.
2020;18(3):178-186. [CrossRef]

19. Tsai YC, Sou FM, Liu YW, et al. Preoperative ALBI grade pre-
dicts the outcomes in non-B non-C HCC patients undergoing
primary curative resection. BMC Gastroenterol. 2021;21(1):386.
[CrossRef]

20. Liu C, Jia BS, Zou BW, et al. Neutrophil-to-lymphocyte and aspar-
tate-to-alanine aminotransferase ratios predict hepatocellular car-
cinoma prognosis after transarterial embolization. Med (Baltimore).
2017;96(45):8512. [CrossRef]

21.Sun YF, Xu Y, Yang XR, et al. Circulating stem cell-like epithelial
cell adhesion molecule-positive tumor cells indicate poor prognosis
of hepatocellular carcinoma after curative resection. Hepatology.
2013;57(4):1458-1468. [CrossRef]

22. Chew V, Tow C, Teo M, et al. Inflammatory tumour microenviron-
ment is associated with superior survival in hepatocellular carcinoma
patients. J Hepatol. 2010;52(3):370-379. [CrossRef]

227


https://doi.org/10.1002/hep.31288
https://doi.org/10.5152/tjg.2024.23071
https://doi.org/10.3322/caac.21492
https://doi.org/10.1038/bjc.2017.386
https://doi.org/10.1002/hep.24149
https://doi.org/10.3390/ijms15035163
https://doi.org/10.1007/s12032-012-0220-1
https://doi.org/10.5152/tjg.2024.23451
https://doi.org/10.1016/s1499-3872(15)60353-8
https://doi.org/10.3748/wjg.v21.i37.10573
https://doi.org/10.3390/cancers13195018
https://doi.org/10.1007/s00330-020-06931-5
https://doi.org/10.1016/j.ctrv.2012.08.003
https://doi.org/10.1097/MD.0000000000002133
https://doi.org/10.1245/s10434-014-4048-0
https://doi.org/10.1016/j.hpb.2021.06.414
https://doi.org/10.5301/ijbm.5000300
https://doi.org/10.1016/j.surge.2019.09.002
https://doi.org/10.1186/s12876-021-01944-w
https://doi.org/10.1097/MD.0000000000008512
https://doi.org/10.1002/hep.26151
https://doi.org/10.1016/j.jhep.2009.07.013

Turk J Gastroenterol 2025; 36(4): 219-228

Guzel Dirim et al. Prognostic scores in hepatocellular carcinoma

23.Qi X, Li J, Deng H, Li H, Su C, Guo X. Neutrophil-to-lymphocyte
ratio for the prognostic assessment of hepatocellular carcinoma: a
systematic review and meta-analysis of observational studies.
Oncotarget. 2016;7(29):45283-45301. [CrossRef]

24. Hu B, Yang XR, Xu Y, et al. Systemic immune-inflammation
index predicts prognosis of patients after curative resection for
hepatocellular carcinoma. Clin Cancer Res. 2014;20(23):6212-
6222. [CrossRef]

25. Hong YM, Yoon KT, Cho M. Systemic immune-inflammation
index predicts prognosis of sequential therapy with sorafenib and
regorafenibinhepatocellularcarcinoma.BMC Cancer.2021;21(1):569.
[CrossRef]

26. European Association for the Study of the Liver. Electronic
address: easloffice@easloffice.eu, European Association for the
Study of the Liver. EASL clinical practice guidelines: management
of hepatocellular carcinoma. J Hepatol. 2018;69(1):182-236.
[CrossRef]

27. Bruix J, Cheng AL, Meinhardt G, Nakajima K, De Sanctis Y, Llo-
vet J. Prognostic factors and predictors of sorafenib benefit in
patients with hepatocellular carcinoma: analysis of two phase Il
studies. J Hepatol. 2017;67(5):999-1008. [CrossRef]

28. Toso C, Mentha G, Kneteman NM, Majno P. The place of down-
staging for hepatocellular carcinoma. J Hepatol. 2010;52(6):930-
936. [CrossRef]

29. Karaogullarindan U, Uskiidar O, Odabas E, Ak N, Kuran S. Hepa-
tocellular carcinoma in cirrhotic versus noncirrhotic livers: clinico-
morphologic findings and prognostic factors. Turk J Gastroenterol.
2023;34(3):262-269. [CrossRef]

30. Mladenié K, Lenarti¢ M, Marinovi¢ S, Poli¢ B, Wensveen FM. The
“Domino effect” in MASLD: the inflammatory cascade of steato-
hepatitis. Eur J Immunol. 2024,;54(4).e2149641. [CrossRef]

31. Capasso M, Cossiga V, Guarino M, Ranieri L, Morisco F. The role
of hepatitis viruses as drivers of Hepatocancerogenesis. Cancers
(Basel). 2024;16(8). [CrossRef]

228


https://doi.org/10.18632/oncotarget.9942
https://doi.org/10.1158/1078-0432.CCR-14-0442
https://doi.org/10.1186/s12885-021-08124-9
mailto:easlo​ffice​@easl​offic​e.eu
https://doi.org/10.1016/j.jhep.2018.03.019
https://doi.org/10.1016/j.jhep.2017.06.026
https://doi.org/10.1016/j.jhep.2009.12.032
https://doi.org/10.5152/tjg.2023.21791
https://doi.org/10.1002/eji.202149641
https://doi.org/10.3390/cancers16081505

